Using a construction developed in a previous paper we gauge the formally conserved axial vector current, associated to U(1) P Q , in a Peccei-Quinn formulation of the Standard Model (even though this current has an anomaly). Under dynamical symmetry breaking the initially massless gauge meson develops a mass, eating the axion in this process. The theory has a conserved axial vector current; if the θ parameter is set zero initially, the value of θ is not changed by chiral transformations used in diagonalizing mass matrices.
Introduction
We consider a Peccei-Quinn formulation of the Standard Model, [1] , [2] . The axial vector current is formally conserved but has an anomaly. We use a construction from a previous paper, [3] , to gauge this current (associated to U(1) P Q ). The initially massless gauge boson, introduced in this process, acquires mass during the dynamical symmetry breaking. In becoming massive it absorbs an additional degree of freedom that otherwise would have lead to an axion, [1] , [2] . This theory requires then an additional massive purely axial vector meson, instead of an axion. There is so far no experimental evidence for either; though the vector meson, unlike the axion, may have avoided detection due to its mass (if its mass were to be in a higher range than has been yet thoroughly searched).
The present theory has a strictly conserved axial vector current, so chiral transformations used in mass diagonalizations do not lead to non-zero values of the θ parameter.
If set zero initially, θ does not require fine-tuning to keep it small.
The theory has three new fields, the axial vector meson field, E µ (x), and two scalar fields, a(x) and b(x), with b(x) a ghost field. The fields a and b make no net contribution in the unitarity relations, as shown in [3] . The situation is similar to that with the Fadeev-Popov ghosts.
In Section 2 we give the Lagrangian of the theory. For simplicity we deal with one generation of the Standard Model. We follow the notation of Sterman's book, [4] . Section 3 considers the effects of dynamical symmetry breaking. The cogent conclusions are framed in Section 4.
The Lagrangian
We pattern our equations on Appendix C of [4] . The Lagrangian is given as a sum of four terms:
corresponding to gauge bosons, Higgs scalars, leptonic fermions and hadronic fermions, respectively.
The Gauge Boson Lagrangian
Corresponding to SU(3) × SU(2) × U(1) we introduce three vector fields, for 'color' SU(3) the gluon, denoted G μ a here, and for SU(2) × U(1) the electroweak fields B µ a and C µ , respectively. We in addition introduce E µ to gauge the axial vector current, and auxiliary scalar fields a(x), b(x) with b(x) ghost.
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The fā ,b,c are the structure constants of SU(3) and the ε abc those of SU (2). We denote the three independent couplings for the symmetries SU(3), SU(2) and U(1) as g s , g, g ′ , respectively.
We introduce f as a coupling for the new gauge field E. s is given as
In fact s(x) measures the usual anomaly in j
µ,P Q here is the axial vector current of quarks, leptons, and Higgs.
2.2.
The Higgs Sector.
Following Peccei and Quinn we introduce two Higgs doublets, φ andφ. We also define
We then have
(We for simplicity have chosen a special form for this sector.)
2.3.
The Leptonic Sector.
We work with a single doublet
(2.12) and a singlet
The Leptonic Lagrangian is given as
(2.14)
The Quark Sector.
There is one doublet
and two singlets u (R) , d (R) . The Lagrangian for the quark fields is then given as
2.5. The U(1) P Q Invariance.
We now state the Peccei-Quinn U(1) invariance of our theory, here promoted to a local invariance under the gauging. See also [3] , equations (1.10) -(1.14). The functional measure is invariant under a transformation (defined by α(x)) that acts on each right chirality fermion field W (R) , each left chirality fermion field W (L) , φ,φ, a, b, and E as follows:
The other fields are left invariant. It should be noted that gauging this additional invariance of the theory does not destroy the (SU(3) × SU(2) × U(1)) invariance of the theory; it does not add anomalies to the other conserved currents.
Spontaneous Symmetry Breaking
We set the vacuum expectation values to their standard values.
Studying (2.9)-(2.11) we see that the mass matrix does not couple the E meson with the Z and W mesons; coupling terms arising from the φ andφ terms in (2.11) cancel.
The relevant term arising in (2.11) leading to mass for the E meson is
which leads to an E meson mass
Final Remarks
We do not know whether nature has chosen to deal with the strong CP problem using axions, using the axial-vector mesons of this paper, or more likely some other scenario.
But if these axial vectors do exist (we suggest the name AXIVORE) their mass would presumably have to be rather heavy to have avoided detection so far. The coupling, f , in equation (3.4) is arbitrary, and thus we have no handle on the mass.
The transformations (2.17) -(2.23) can be used in diagonalizing the mass matrix (equivalently using the conserved current generating this transformation) and so one need not deal therein with the θ parameter.
We note that in [3] the construction used in this paper to deal with gauging an abelian current with an anomaly was verified to all orders in the case when there are only abelian gauge fields present. In [5] the situation has been studied to two loop order in the presence of non-abelian gauge fields and an argument given suggesting the problem can be handled to all orders. More work remains to be done.
The role of axivores in other models than the standard model is open.
